Abstract: Trabeculectomy has been the gold standard in reducing intraocular pressure (IOP) in glaucoma patients, no matter it is angle closure or open angle glaucoma. However in primary angle closure glaucoma, no matter the lens is cataractous or not, it is likely to be pathological, this thicker than usual lens, with or without a more anterior position, is often regarded as a strong contributing factor to angle closure. Lens extraction, no matter it is cataractous or clear, can theoretically eliminate this anatomical predisposing factor of angle closure, and thus IOP can be reduced. Based on recent results of a number of clinical trials, lens extraction alone or in combination with other IOP-lowering surgeries, may therefore play a more important role in the treating primary angle closure glaucoma. In cases when greater IOP-lowering effect is needed or if drug dependency has to be minimized, combined procedures, such as phacotrabeculectomy, can be considered, but the surgical risk can be higher than lens extraction alone.
Primary angle closure glaucoma (PACG) occurs when there is appositional or synechial closure of the iridocorneal angle in the absence of a specific ocular disease, leading to a blockage of aqueous outflow, raised intraocular pressure (IOP) and eventually glaucomatous optic neuropathy and visual field defect.
The initial treatments for PACG aim at eliminating pupil block and re-opening of appositional closure of the drainage angle; options include laser peripheral iridotomy (LPI) [1] , or occasionally surgical peripheral iridectomy, and argon laser peripheral iridoplasty (ALPI) [2, 3] . If re-opening appositional closure fails to control IOP, surgical options such as trabeculectomy with or without antimetabolite, goniosynechialysis (GSL), trabeculotomy, glaucoma drainage device implantation, and cyclodestructive procedures by laser or cryotherapy can be considered.
TRABECULECTOMY IN PRIMARY ANGLE CLOSURE GLAUCOMA
Trabeculectomy has been the gold standard in controlling IOP in glaucoma patients, irrespective of the angle status or the baseline IOP. Trabeculectomy is, however, associated with various potentially serious intraoperative and postoperative complications, such as hypotony, choroidal detachment, maculopathy, cataract development or progression, and bleb related complications.
Salmon reported one of the earliest results of trabeculectomy in primary angle closure glaucoma [4] . He retrospectively examined the outcomes of trabeculectomy in advanced medically-uncontrolled chronic angle closure glaucoma in 46 eyes of 39 patients during a 5-year period. The surgery was not associated with complications such as visual loss or malignant glaucoma. The IOP was successfully reduced to less than 21 mmHg in 30 eyes (66.7%) without medication, and in 11 eyes (24.4%) with topical glaucoma medication, after a mean follow-up period of 19 months.
Four patients(8.9%) received a second trabeculectomy at a mean period of 35.8 months, and nine patients received a cataract extraction with intraocular lens implantation at a mean period of 23.9 months after the initial surgery. He concluded that despite trabeculectomy was effective and relatively safe in managing advanced chronic angle closure glaucoma, one third of the patients required a second operation (either a second trabeculectomy or a cataract extraction) within 3 years. With the advancement in surgical techniques and the use of antimetabolite adjuvants in trabeculectomy, we expect better outcomes in more recent studies.
Sihota et al. also retrospectively evaluated and compared the long-term results of trabeculectomy without antimetabolite in primary open angle glaucoma (POAG) and primary angle closure glaucoma (PACG) in an Asian population with at least 5-year follow up [5] . Among the sixty-four eyes of 64 patients, the qualified and absolute success rates for IOP control showed no significant difference between POAG and PACG eyes. However, twelve of PACG eyes (32%) had a two-line decrease in visual acuity in contrast to four POAG eyes (15%). This was explained by the progression or development of cataract. They concluded that trabeculectomy without antimetabolite appeared to be effective in lowering IOP and in preserving visual field over a period of 10 years in both POAG and PACG. However, the development or progression of cataract especially in eyes with PACG was also considered as an important postoperative issue.
Tsai et al. had retrospectively compared the long-term results of combined trabeculectomy and cataract extraction versus trabeculectomy in 99 Chinese PACG patients [6] . Seventy-five of them received combined surgery and twentyfour had trabeculectomy alone. The mean follow-up periods in the combined group and trabeculectomy group were 25.8 +/-10.8 months and 31.4 +/-8.9 months, respectively. Survival analysis showed that 3-year complete success rate was 56% in the combined group and 54% in the trabeculectomy group (p = 0.903); while complete success was defined as either a >20% reduction in IOP, or an IOP maintained at less than 15mmg, without any medication. The IOP or number of medications between the 2 groups of patients showed no significant differences throughout the 3-year follow-up. The postoperative complications had similar incidences between groups (p = 0.232). Patients in the combined group did not require additional IOP-lowering surgical procedures, while 13 (54%) eyes in the trabeculectomy group required either cataract extraction or further IOP-lowering surgical procedures (p <0.001).
They concluded that the long-term IOP-lowering effect and surgical complications of both groups were comparable. However, combined surgery would require fewer subsequent surgical interventions.
Chen et al. retrospectively analyzed the results of trabeculectomy in 52 patients with either acute or chronic form of PACG [7] . They reviewed 15 patients with acute angle closure and 37 patients with chronic angle closure glaucoma. The mean follow-up period was 32 months (range, 26-42 months). When they compared the visual acuity loss after surgery, final IOP control and complication of bleb encapsulation between these 2 groups, the acute angle closure group appeared to perform significantly worse (P=0.02, P<0.01, P=0.02 respectively, Fisher exact test) than the chronic PACG group. They concluded that trabeculectomy might not have as good results in patients with acute angle closure when compared with chronic PACG, because it might result in worsened visual acuity, higher failure rate and complications rate.
Based on the evidence, although trabeculectomy is effective in lowering IOP and hence preventing or slowing down disease progression in eyes with chronic PACG, it is associated with a considerable risk of post-operative cataract development or progression, which leads to a decrease in visual acuity that may influence patient's daily living or even resulting in additional surgery.
LENS EXTRACTION IN PRIMARY ANGLE CLOSURE GLAUCOMA
A characteristically shallower anterior chamber is often seen in PACG eyes, leading to a closed drainage angle [8 -14] . PACG eyes have significantly thicker lens, with a steeper anterior surface, which is more often anteriorly positioned when compared with controls [9, 11] . Lens extraction deepens the anterior chamber, widens the drainage angle, and reverses the anatomical predisposing factors of angle closure. A recent study with ultrasound biomicroscopy (UBM) measurements, has shown that the mean anterior chamber depth was increased significantly from 1799 to 3528 microns by cataract extraction alone, similarly the mean angle opening distance at 500 microns from scleral spur (AOD 500) was increased significantly from 208 to 468 microns after cataract extraction in PACG eyes [15] .
In another study, the changes in the anterior chamber angle configuration, measured by UBM, were compared after combined trabeculectomy and cataract extraction with those after trabeculectomy alone in PACG eyes [16] . It concluded that in the eyes that underwent combined procedure, the ciliary body processes were more posteriorly positioned and the anterior chamber angle was significantly widened after the surgery, as compared with those underwent trabeculectomy alone. The posterior shift of the ciliary processes after combined procedure was indirect evidence for the important role of the lens in anterior chamber angle configuration in eyes with PACG.
Based on such evidence, lens extraction may be an important surgical option in managing PACG, either as an initial treatment, or can be performed subsequently when IOP is not controlled or appositional angle closure cannot be eliminated by initial options [17, 18] .
Wishart and Atkinson were among the earliest groups who recommended cataract extraction as the first procedure in eyes with cataract and PACG, rather than combined cataract and filtering surgery [19] . They prospectively followed up twenty-three eyes of 22 patients with PACG who underwent extracapsular cataract extraction (ECCE) with intraocular lens (IOL) implantation to assess the effect of cataract extraction on IOP control, and they also compared them with a 21 eyes with open angle glaucoma (OAG) which also underwent ECCE. Among the PACG eyes, there was a low incidence of acute post-operative IOP elevations (9%), and most of them (65%) achieved an IOP less than 21 mmHg. In the OAG group, however, the IOP control was mainly unaffected.
Lai et al. prospectively followed up 21 eyes with PACG and co-existing cataract of 21 patients who had phacoemulsification with primary intraocular lens implantation for a mean period of 20.7 +/-3.6 months [20] . Intraocular pressure was significantly decreased from a preoperative level of 19.7 +/-6.1 mmHg to 15.5 +/-3.9 mmHg at final follow-up (P = 0.022). The number of glaucoma medication was decreased significantly from a preoperative value of 1.91 +/-0.77 to 0.52 +/-0.87 at final follow-up (P < 0.001). Visual acuity improved significantly after surgery in 10 eyes (47.6%), remained the same in 9 eyes (42.9%) and deteriorated significantly in 2 eyes (9.5%). The authors concluded that in primary angle closure glaucoma patients with co-existing cataract, cataract extraction alone (by phacoemulsification) could reduce both IOP and the number of glaucoma medication required significantly.
LENS EXTRACTION AS INITIAL TREATMENT TO RE-OPEN APPOSITIONAL ANGLE CLOSURE
Theoretically speaking, lens extraction could effectively eliminate pupil block and appositional angle closure in susceptible eyes, however there is, meanwhile, no published clinical data proving that lens extraction is a superior treatment option than LPI for PACG eyes at initial presentation. This draws attention to an on-going study, the EAGLE study, which is a multi-centered randomized controlled trial, designed to compare clear lens extraction with LPI as the initial treatment in newly diagnosed PACG eyes [21] . If cataract is present at initial presentation of PACG, early cataract extraction may be more readily justified as an initial option to widen up the drainage angle. If the lens is not cataractous, the future results of the EAGLE study will be essential to justify or not to justify a clear lens extraction.
LENS EXTRACTION AS SUBSEQUENT TREATMENT AFTER PERIPHERAL IRIDOTOMY IN PACG EYES WITH CATARACT
As discussed above, trabeculectomy alone has a limited role in PACG eyes with coexisting cataract, it is because trabeculectomy may accelerate cataract progression, this causes further shallowing of the anterior chamber, and therefore aggravating progressive angle closure. Man et al. [22] had published their results of UBM measurements before and after clear lens extraction and trabeculectomy for PACG eyes. The mean anterior chamber depth (ACD) measured by UBM was significantly increased from 1,983.8±176.8 microns to 3335.0±174.2 microns (p<0.001) by clear lens extraction (n=26), but decreased from 2,000.2±214.5 microns to 1975.8±218.2 microns (p=0.001) by trabeculectomy (n=24).
Tham et al. has conducted two randomized controlled trials to compare phacoemulsification with combined phacotrabeculectomy in PACG eyes with co-existing cataract after LPI, where their glaucoma is either medically controlled, [23] or uncontrolled [24] .
In the trial involving medically controlled eyes, phacoemulsification alone caused a 10.4% reduction in mean IOP (the mean pre-operative IOP was 16.3 mmHg and the mean post-operative IOP was 14.5 mmHg) and a reduction in the mean number of glaucoma drugs by 59.2% (the mean number of drugs reduced from 2.2 pre-operatively to 1.1 postoperatively), over 24 months [23] . On the other hand, combined phacotrabeculectomy resulted in a 20.9% reduction in mean IOP (the mean pre-operative IOP reduced from 16.3 mmHg to 13.3 mmHg post-operatively) and a reduction in the mean number of glaucoma drugs by 95.2% (the mean number of drugs reduced from 2.3 pre-operatively to 0.1 postoperatively), over 24 months [23] . Combined procedure when compared with phacoemulsification, resulted in an additional 1.2 mmHg reduction in mean IOP (p=0.12) and a further reduction in the mean number of drugs (1.0) (p<0.001), over 24 months [23] .
In the trial involving medically uncontrolled eyes, phacoemulsification alone resulted in a 34.4% reduction in mean IOP (the mean pre-operative IOP was reduced from 24.4 mmHg to 16.1 mmHg post-operatively) and a decrease in mean number of drugs by 52.4% (the mean number of drugs was 3.3 pre-operatively and 1.7 post-operatively), over 24 months [24] . Whereas phacotrabeculectomy resulted in a IOP reduction by 41.2%, (the mean pre-operative IOP was reduced from 23.8 mmHg to 14.1 mmHg post-operatively) and a decrease in mean number of drugs by 89.6% (the mean number of drugs was 3.1 pre-operatively and 0.5 drugs post-operatively), over 24 months [24] . Combined procedure when compared with phacoemulsification, resulted in an additional 2.0 mmHg lowering in mean IOP (P=0.08) and a further reduction of 1.25 in the mean number of drugs (P<0.001), over 24 months [24] .
Combined phacotrabeculectomy was, however, associated with significantly more complications than phacoemulsification (complication rate in combined was 26.2% vs 8.1% in phacoemulsification) (p = 0.007) [25] . There were more surgical interventions performed to handle complications after combined phacotrabeculectomy than phacoemulsification alone (13.1% vs 1.6% respectively, p = 0.01) [25] . At mean follow up period of 32.6 months, the changes in visual acuity, the rates of progression of glaucomatous optic neuropathy and visual field loss were not significantly different between the 2 treatment groups.
Based on the above evidence, it should be logical to consider performing cataract extraction alone in medically controlled PACG eyes with cataract, as combined surgery may result in additional risk of complications which may not be justified for the small additional clinical benefit. In contrary, in medically uncontrolled eyes with co-existing cataract, the risks of additional complications and interventions after phacotrabeculectomy may or may not be justified despite of its greater clinical benefits. Therefore, it is suggested that either approach could be considered depending on patient and ocular factors. Phacoemulsification alone may be preferred if, for example, the patient could not accept the risk of filtration complications, or if the eye is more vulnerable to the stress from combined surgery (e.g. very advanced glaucoma or poor corneal endothelium). On the other hand, combined surgery may be more favourable if, for example, the patient is known to have poor compliance or tolerance to his/ her medications, or difficult access to long-term medication or follow up.
Combined phacoemulsification with goniosynechialysis (GSL) can be an alternative to phacotrabeculectomy in PACG eyes. Teekhasaenee and Ritch had conducted a prospective non-controlled clinical trial which showed that combined phacoemulsification with GSL (phaco-GSL) and implantation of posterior chamber intraocular lens was effective in opening up peripheral anterior synechiae (PAS) and reducing IOP as well as improving visual acuity in chronic PACG eyes when the surgery was performed within 6 months after the treatment for acute angle closure (AAC) [26] . Phaco-GSL was performed in 52 eyes of 48 patients with uncontrolled IOP and more than 180 degrees of PAS, within 6 months after acute AAC. Among the 52 eyes, 47 of them (90.4%) achieved an IOP less than 20 mmHg without medication, 4 of them had controlled IOP with medications, and only 1 eye needed subsequent filtration surgery. The mean extent of PAS reduced from 310 to 60 degrees, which was compatible with another case report [27] where ultrasound biomicroscopy (UBM) demonstrated a restoration of an open drainage angle after a successful GSL.
Tang et al. retrospectively compared the effectiveness of combined phacoemulsification and viscogoniosynechialysis (phaco-GSL) with trabeculectomy alone in PACG with coexisting cataract [28] . They analyzed 19 patients who underwent phaco-GSL and 20 patients who underwent trabeculectomy. The median follow-up periods were similar for both groups (10 months). At the last follow-up, the mean IOP was 14.09 ± 6.89 mmHg and the mean number of antiglaucoma medications was 0.36 ± 0.59 in phaco-GSL group; in trabeculectomy group, the mean IOP was 16.48 ± 4.74 mmHg (p = 0.066) and the mean number of anti-glaucoma medications was 1.05 ± 0.99 (p = 0.025). In terms of the mean central anterior chamber depth and the mean synechial/ apposition angle closure, there were significant differences between the two groups (p < 0.0001, respectively). Kaplan-Meier analysis revealed that the cumulative probability of success in phaco-GSL group was higher (p = 0.0051). They concluded that when compared to trabeculectomy, combined phacoemulsification and viscogoniosynechialysis resulted in a lower requirement for glaucomatous medications, a greater improvement in best corrected visual acuity, and a higher cumulative probability that treatment would be successful among patients with PACG and coexisting cataract. Hence, phaco-GSL can be considered as an alternative when the synechial closure is extensive and IOP is not controlled.
CLEAR LENS EXTRACTION AS SUBSEQUENT TREATMENT OPTION AFTER PERIPHERAL IRIDOTOMY IN PACG EYES WITHOUT CATARACT
It is often easier to justify lens extraction in PACG eyes with co-existing cataract, while it is always more controversial when there is no co-existing cataract. Tham et al., in their randomized controlled trial, compared the clinical effects of clear lens extraction versus trabeculectomy with mitomycin C in treating medically uncontrolled iridotomized PACG eyes [29] . This showed that clear lens extraction alone could reduce the mean IOP by 34% (reducing mean pre-operative IOP of 24.1 mmHg to 15.9 mmHg post-operatively) and reduce the mean number of drugs by 60.4% (reducing from 3.69 drugs pre-operatively to 1.46 drugs post-operatively), over 24 months [29] . Whereas, trabeculectomy could reduce the mean tIOP by 36%, (reducing from the mean pre-operative IOP of 24.8 mmHg to 15.8 mmHg post-operatively) and reduce the mean number of drugs by 88.4% (reducing from 3.46 drugs preoperatively to 0.40 drugs post-operatively), over 24 months [29] . When compared with lens extraction, trabeculectomy resulted in an additional 0.7 mmHg decrease in mean IOP (p>/= 0.05) and a further reduction of 1.1 drugs (p<0.001) over 24 months [29] .
From the above study, trabeculectomy with mitomycin-C appeared to be more effective in controlling IOP and reducing dependency on drugs, when compared with clear lens extraction alone. However, within the first 24 months of follow up, 45.8% of eyes in the trabeculectomy group experienced surgical complications including the development of visually significant cataract (33.3%), on the other hand only 3.8% of eyes in clear lens extraction group has a surgical complication. Besides the 8 eyes (33.3%) that developed cataract in the trabeculectomy group, two eyes (8.3%) had overdrainage managed with conservative methods, one eye (4.2%) had hypotony that required reforming of the anterior chamber and subsequent revision of trabeculectomy, and two eyes (8.3%) had conjunctival wound leak that were managed with aqueous suppression and eye patching. In the lens extraction group, only one eye (3.8%) had zonular dehiscence during surgery that required capsular tension ring implantation.
During 2 years after surgery, only 19.2% eyes in the clear lens extraction group, required subsequent trabeculectomy, while in trabeculectomy group, 25.0% needed additional surgery (including needling revision of the bleb and cataract extraction). The authors concluded that trabeculectomy with Mytomycin-C resulted in significantly more surgical complications than clear lens extraction in treating medically uncontrolled iridotomized PACG eyes without cataract.
These suggested that clear lens extraction might be an alternative to filtration surgery as an initial surgical option in treating medically uncontrolled iridotomized PACG eyes without co-existing cataract. Clear lens extraction may be preferred in patients who do not accept the risk of filtration surgery or are very vulnerable to, the complications of filtration surgery, on the other hand, if drug reduction is of high priority, trabeculectomy should be more favourable.
ROLE OF LENS EXTRACTION IN ACUTE PRIMARY ANGLE CLOSURE
Lens extraction at the acute phase of acute primary angle closure (APAC) can be very technically demanding and challenging, and it can also be associated with significant complication risk.
After IOP control and symptomatic relief by medications or ALPI, the following treatment in APAC aims to prevent progression to chronic form of PACG, and to prevent recurrence. Although LPI is often effective, a study conducted by Lam et al. suggested that lens extraction could be more effective in preventing the progression to chronic PACG [30] . Among the APAC eyes which received early lens extraction, only 3.2% had IOP >21 mmHg in follow up at 18 months, which appeared to be more favourable when compared with 46.7% in eyes after LPI [30] .
The number of glaucoma medications was significantly fewer after lens extraction than LPI ( 0.03 vs 0.90 respectively, p<0.0001) at 18 months [30] . The authors concluded that early lens extraction, after initial control of IOP and symptoms, could be a very effective treatment in APAC, so as to prevent its progression to the chronic form.
The role of ALPI as initial management of APAC should also be considered. In the study by Rosman et al., [31] they compared the long-term clinical course of PACG patients in New York and Singapore. In the New York cohort, ALPI was performed to eliminate appositional angle closure after LPI; while in the Singapore cohort, patients received filtration surgery instead of ALPI when IOP became uncontrolled after LPI. Under these different management approaches, 31.3% of eyes in the New York cohort underwent filtration surgery during follow up, compared with 53.0% in the Singapore cohort [31] .
However, the best timing for 'early' lens extraction after APAC still remains uncertain. On one hand, theoretically speaking, the earlier the lens extraction being done, the lower the chance of further PAS formation, and progression to chronic PACG. On the other hand, earlier lens extraction can be more technically challenging and bears a greater risk of complications. Some surgeons prefer to perform 'early' lens extraction at about 1 month after APAC, but this practice has yet to be properly evaluated.
CONCLUSION
Trabeculectomy is effective in lowering IOP in PACG. However, trabeculectomy is associated with a higher risk of post-operative cataract development or progression, which will in turn lead to a shallower anterior chamber and a more narrow drainage angle. On the other hand, cataract extraction or clear lens extraction can significantly deepen the anterior chamber, open up the drainage angle, and thereby reverse the anatomical predisposition to angle closure. IOP control can also be improved after lens extraction in PACG eyes, and therefore it can be considered as a potential surgical option for PACG. Lens extraction is associated with significantly lower risk of surgical complications and thus a fewer subsequent surgical interventions to handle such complications. Cataract extraction or even clear lens extraction, may be considered in the management of PACG, especially if the patient cannot accept the risk of complications of filtration surgery, or if the diseased eye is vulnerable to the greater risk of combined surgery. Early lens extraction can also be considered in APAC to prevent the progression to chronic PACG significantly, however the best timing for surgery is yet to be determined.
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